Context: β-galactosidase are present in a wide variety of organisms including plants, animals and microorganisms. Exploration of this enzyme from plant source will help to address the problems faced in the food and allied industries that look for enzymes with novel properties.
Introduction
The enzyme β-galactosidase (EC 3.2.1.23) catalyzes the hydrolysis of lactose to glucose and galactose. This enzyme is industrially important because it can be used to avoid lactose crystallization in sweetened, condensed and frozen dairy products such as ice cream and condensed milk and solve problems associated with whey utilization and disposal (Dagbagli and Goksungur 2008) . In addition β-galactosidase is used to avoid the problems of lactose intolerance by individuals who are deficient in lactose (Artolozaga et al. 1998) .
β-galactosidase are present in a wide variety of organisms including plants, animals and microorganisms, and are known to catalyze both hydrolytic and transglycosylation reactions (Asraf and Gunasekaran 2010). They are widely distributed in various plant tissues, including developing fruits (Bartley 1974 , Burns1990, Corchete and Guerra 1987 , Dey and Campillo 1984 , Gross et al.1986 , Konno et al. 1986 . Studies on apple (Bartley 1974 ) and hot pepper (Gross et al.1986 ) have indicated remarkable increases in the activity of β-galactosidase during ripening. One β-galactosidase isozyme in tomato that increases its activity during ripening has exhibited the ability to hydrolyze galactose-rich polysaccharide in vitro from its cell walls (Pressey 1983) . These findings suggest possible involvement of β-galactosidases in modification of cell wall components during the ripening of fruits. Commercia β-galactosidase are produced from yeasts such as Kluyveromyces lactis and K. marxianus, and moulds such as Aspergillus niger and A. oryzae (Shaikh et al. 1997 , Santos et al. 1998 .
Betel leaf (Piper betle Linn.) is an evergreen perennial, with glossy heart-shaped leaves and white catkin inflorescence, and grows to a height of about 1 metre. The Betel plant originated in Malaysia and now grows in Bangladesh, India, Indonesia and Sri Lanka. Betel leaves are stimulant, digestive, carminative, antiflatulent, anti-inflammatory, invigorating, anti phlegmatic, pain reliever. In fact, this edible leaf has achieved an esteemed position in the human society right from the dawn of civilization, particularly in the countries like Bangladesh, Burma, China, India, Indonesia, Malaysia, Nepal, Pakistan, Philippines, South Africa, Sri Lanka, Thailand etc. (Sharma et al. 1996) , where leaves are traditionally used for chewing in their natural raw condition along with many other ingredients like sliced areca nut, slaked lime, coriander, aniseed, clove, cardamom, sweetener, coconut scrapings, ashes of diamond, pearl, gold and silver (Ayurvedic preparations), jelly, pepper mint, flavouring agent, fruit pulp etc. (CSIR 1969 ). An analysis of the betel leaf shows it to consist of moisture 85.4 per cent, protein 3.1 per cent, fat 0.8 per cent, minerals 2.3 per cent, fiber 2.3 per cent and carbohydrates 6.1 per cent per 100 grams (Guha 2006 ).
The present paper includes the purification, characterization and effect of physico-chemical agents on the stability of β-galactosidases from betel leaves at mature stage.
Materials and Methods

Preparation of crude enzyme extract:
The betel leaves (Aomal Bangla variety) were collected from Mohanpur upozila of Rajshahi. Fresh leaves (100 g in weigh) cut into small pieces and grinded in a mortar and pestle with 25 ml of cold 50 mM phosphate buffer, pH 7.4 and finally crushed into paste using homogenizer. The temperature was maintained at 4°C by putting ice in the outer chamber of homogenizer. The suspension was then filtered through double layers muslin cloth in the cool chamber. The filtrate collected was further clarified by centrifugation at 10000g for 15 min at 4°C. The clear supernatant was concentrated about 1/8 th of the original volume by commercial sucrose at 4°C. Then it was dialyzed against 50 mM phosphate buffer, pH 7.4 for 24 h at 4°C. It was again centrifuged at 7000g for 15 min, to remove insoluble material and the clear supernatant was used as crude enzyme extract. Column chromatographies: The crude enzyme extract was loaded onto the DEAE-cellulose column (Sigma Chemical Co. USA), which was previously equilibrated with 50 mM phosphate buffer, pH 7.4 at 4°C. The protein was eluted from the column with the same buffer by stepwise elution containing increasing concentration of NaCl. Absorbance at 280 nm, protein concentration and β-galactosidase activity of each fraction were measured. The β-galactosidase containing fraction obtained from DEAE-cellulose was applied to CM-cellulose column (Sigma Chemical Co. USA) after dialysis against 0.1M sodium-acetate buffer, pH 5.2. The protein was eluted from the column with the same buffer by stepwise elution containing different concentration of NaCl. Absorbance at 280 nm, protein concentration and β-galactosidase activity of each fraction were measured. The impure enzyme active fraction obtained from CM-cellulose was applied on Sephadex G-75 column (Sigma Chemical Co. USA) after dialysis against 0.1 M Na-acetate buffer, pH 5.2. The protein was eluted from the column by the same buffer. Absorbance at 280 nm, protein concentration and enzyme activity of each fraction were measured. Polyacrylamide disc gel electrophoresis: The purity of the enzyme containing fractions was detected by polyacrylamide disc gel electrophoresis at room temperature on 7.5% gel, pH 8.3 as described by Ornstein (1964) .
Assay of β-galactosidase activity: β-galactosidase activity was assayed following the modified method as described by Lazan et al. (1993) using Methyl β-D-galactopyranoside as substrate. Amount of reducing sugar released was estimated by dinitrosalicyclic acid (Miller 1972) . The β-galactosidase activity was measured by estimating the amount of reducing sugar released from methyl-β-D-galactopyranoside. One unit of β-galactosidase activity was defined as the amount of enzyme that catalyzed the liberation of 1mg of galactose in 15 min at 37°C and the amount of galactose released was calculated from the standard curve prepared with galactose. The concentration of protein was determined following the method of Lowry et al. (1951) using BSA as standard. Determination of molecular weight: The molecular weight of β-galactosidase was determined by gel filtration on Sephadex G-150 as described by Andrews (1964) . Catalase, β-galactosidase, carbonic anhydrase and lysozyme were used as marker proteins. The molecular weight of the subunits of β-galactosidases were determined by SDS-polyacrylamide gel electrophoresis as described by Weber and Osborn (1969) . Estimation of total sugar, optimum pH and temperature: Total sugar contents of β-galactosidases were estimated by Phenol sulphuric acid method (Dubois 1956 ). The activities of β-galactosidases against Methyl-β-D-galactopyranoside as substrate was assayed using 0.1M buffers of different pH values (range, 2-10) at 37°C following the procedure as described above. The activities of the β-galactosidases were measured at different temperature (10-90°C) using sodium citrate buffer of pH, 3.6-4.2. At first the enzyme solutions were incubated at different temperature for 15 min and then the activities of the enzyme solutions were measured following the procedure as described above. Treatment with urea, acetic acid, calcium and various salts: To the β-galactosidases solution (in sodium citrate buffer of pH 3.6-4.2) of 0.5ml (0.25-0.30mg/ml), were added urea, calcium, acetic acid (all from BDH, England) and various salts at different concentrations and incubated for 10 min at 20°C. The mixtures were again incubated with the substrate for 15 min at 37°C and the enzyme activity was assayed.
Results
Ion exchange chromatography on DEAE-cellulose of crude enzyme extract prepared from fresh betel leaves are presented in Fig 1. It was found that the proteins of crude enzyme extract were eluted from the column in five fractions. The major fraction, F-1 was eluted from the column by the buffer only, while the other four minor fractions namely F-2, F-3, F-4 and F-5 were eluted from the column by the buffer containing 0.1, 0.2, 0.25 and 0.3 M NaCl, respectively. It was also found that the major fraction F-1 contained only the β-galactosidase activity. The area as indicated by solid bar of F-1 fraction was pooled separately and purified further by ion-exchange chromatography on CM-cellulose. The enzyme active fraction F-1, obtained after DEAE-cellulose chromatography, was dialyzed against 0.1M sodium acetate buffer, pH 5.2 for 24 h and applied to CM-cellulose column previously equilibrated with the same buffer at 4°C. As shown in Fig. 2 , the components of the fraction F-1, were separated from the column in four fractions. Of those fractions, F-1a was eluted from the column by the buffer only, while the other fractions, i.e. F-1b, F-1c and F-1d were eluted from the column by the buffer containing 0.1M, 0.2M, and 0.3M NaCl respectively. It was found that only the fractions F-1a and F-1c contained the β-galactosidase activity. The homogeneity of these fractions was checked by polyacrylamide disc gel electrophoresis. Only F-1c fraction contained pure enzyme as it gave single band on the gel, while the components of F-1a gave more than one band. So F-1a fraction was subjected to gel filtration for further purification. The fraction F-1a obtained from CM-cellulose chromatography was dialyzed against 0.1M sodium acetate buffer, pH 5.2 for overnight, concentrated with sucrose and applied to Sephadex G-75 column at 4°C previously equilibrated with the same buffer. As shown in Fig. 3 , the fraction F-1a was separated into two fractions, F-1a' and F-1a'' and it was also found that both the fractions contained β-galactosidase activity. The area as indicated by solid bar of F-1a' and F-1a'' were pooled separately and their homogeneity were determined by polyacrylamide gel electrophoresis. Both the fractions might be contained pure enzyme as they gave single band on polyacrylamide gel electrophoresis (Fig. 4) .The pure β-galactosidase containing fractions i.e. F-1a', F-1a'' and F-1c were named as β-galactosidase-I (β-GS-I), β-galactosidase-II (β-GS-II ) and β-galactosidase-III ( β-GS-III ) respectively.
Fig.1
Ion-exchange chromatography of crude enzyme extract on DEAE-cellulose. Enzyme extract (360mg) was applied to the column prewashed with 50mM phosphate buffer, pH 7.4 at 4°C and eluted by a stepwise increase of NaCl in the same buffer. Fraction F-1 (27mg) obtained by DEAE-cellulose chromatography was applied to the column prewashed with 0.1M sodium acetate buffer, pH 5.2 at 4°C and eluted by stepwise increase of NaCl in the same buffer.
Fig. 3.
Polyacrylamide disc gel electrophoretic pattern of the β-galactosidases fractions on 7.5% gel at pH 8.5. A= F-1a, B=F-1c. Table 1 summarizes the data pertaining to the purification of betel leaf β-galactosidases. As presented in the table, the specific activities of β-galactosidases were increased at each purification steps. Although the yield of enzyme activity w as decreased during the purification steps, but the purification fold of the isomeric forms of β-galactosidases were increased to about 22 fold. The decrease in yield might be due to denaturation of enzymes during the lengthy purification procedures or for some other reasons.
Characterization of β-galactosidases:
The molecular weight of the enzymes were determined by comparing their elution volume on Sephadex G-150, with those of the marker proteins (catalase, β-galactosidase, ovalbumin, lysozyme) under same experimental condition. (Fig. 5) . The purified enzymes β-GS-I, β-GS-II and β-GS-III in aqueous solution gave absorption maxima around at 276, 274 and 282nm and minima around at 241, 240 and 244nm, respectively. The percentage of neutral sugar present in β-GS-I, β-GS-II and β-GS-III were calculated to be 5.2%, 4.8% and 6.9%, respectively. pH 6-8 → NaH2PO4-Na2HPO4 pH 8.5-9 → Na2B4O7-HCl pH 9.5-10 → Na2B4O7-Na2CO3
Fig. 7. Effect of temperature on the activities of β-galactosidases
As demonstrated in Fig. 6 , the activities of the β-galactosidases were greatly influenced by pH changes. The β-GS-I, β-GS-II and β-GS-III gave maximum activities in the pH ranges of 3.5, 3.8 and 4.2 respectively. It can be seen from the pH activity relationship curve that the enzymes are more stable in the acidic pH than the alkaline pH and the enzymes are of acidic type. The activities of betel leaf β-galactosidases were determined with incubation at various temperatures (10-85°C) and the results obtained are presented in Fig.  7 . As shown in the figure, the activities of the β-galactosidases were increased gradually with the increase of temperature and the maximum activities were observed at 53, 51 and 56°C for β-GS-I, β-GS-II and β-GS-III respectively. With further rise of temperature, the activities were decreased abruptly and more than 90% activities were destroyed at or above 80°C.
Table1. Summery of data on course of purification of β-galactosidases. Table 2 . Effect of urea, EDTA and acetic acid on the activity of β-galactosidase enzymes.
Steps of purification
Relative Activities (%) Chemicals (conc.) β-GS-III β-GS-I β-GS-II Effect of urea, EDTA and acetic acid: As shown in the Table 2 , the activities of β-galactosidases were found to be decreased remarkably with the increasing concentration of urea. In the presence of 6 M urea the activity of β-GS-II destroyed completely, while those of β-GS-I and β-GS-III were decreased about 92% and 80% respectively. The activities of β-galactosidases gradually decreased with the treatment of higher percentage of acetic acid and the enzymes lost its 100% activity at 30M concentration. EDTA had profound effect on β-galactosidases and it was found that the activities of β-galactosidases were decreased gradually with the treatment of higher concentration of EDTA and more than 95% activities of the enzymes abolished in the presence of 0.2M EDTA. Table 3 shows the effect of various metallic salts on the activities of β-galactosidases. It was evident that the activities of β-galactosidases were abolished completely in the presence of Hg2Cl2, suggesting the involvement of -SH at the active sites. The activities of enzymes were increased in the presence of metallic salts of Mg 2+ and Mn 2+ , while salts of Cu 2+ and Fe 2+ reduced the activities remarkably. On the other hand, metallic salts of Zn 2+ and Na + produced little inhibitory effect on the activities. Further, the activities of the enzymes were gradually increased with the increase in concentration of calcium and in the presence of 0.5M Ca 2+ , the activities of β-GS-I, β-GS-II and β-GS-III became about 121%, 118% and 131% respectively. 
Effect of various metallic salt:
Discussion
There is increasing evidence that fruit ripening is accomplished by a decrease in galactose content of cell walls and that this loss of galactose represents a separate process in the degradation of the cell walls responsible for fruit ripening (Ranwala et al. 1992) . Substantial decline in the cell wall galactose have been reported for ripening apples (Knee 1973) , the straw berries (Knee et al. 1977) and tomatoes (Wallner and Bloom 1977) . It was found in our laboratory that the betle leaves at mature stage contained significant amount of reducing sugar as well as β-galactosidases. All the three β-galactosidases were glycoprotein in nature as they gave pinkish red colour with phenol sulphuric acid. Although all the three β-galactosidases are pentamer and the subunits are held together by disulphide bonds but the enzymes are quite different from each other in their mobility on polyacrylamide gel ( Fig. 6 ), pH maxima (Fig. 7) , temperature optima (Fig. 8) , neutral sugar content etc. Similar subunit structure of β-galactosidases were also reported by Whitaker (1994) .
The activities of all the three enzymes were abolished in presence of EDTA, but increased in the presence of Ca 2+ , Mg 2+ and Mn 2+ , suggesting the importance of specific metal ions in the active sites of the enzymes. Further, the activities of the enzymes were also abolished completely in the presence of HgCl2, suggesting the involvement of -SH group, which may be located at or near the active site.
Conclusions
The results of the present study confirm that the activity of β-galactosidase in mature betel leaves is not due to a single β-galactosidase, but to three isomeric forms which can be purified by a combination of ionexchange chromatography on DEAE-and CM-cellulose followed by gel filtration on Sephadex G-75. We also characterized and analyzed physico-chemical properties of these enzymes. As far we know, this is the first report of purification and characterization of β-galactosidase from betel leaves.
